Limb Expression 1 (Lix1), a founding member of a novel gene family, was identified in a screen for genes transiently and locally expressed during early chicken limb development. Most prominently, Lix1 is transiently expressed in the nascent hindlimb bud between HamburgerHamilton stages 15 and 19. Chicken Lix1 transcripts are also found in the basal plate of rhombomeres 3 and 5, in pharyngeal and in foregut mesenchyme and in all facial primordia except for the mandibular arches. Homologs of chick Lix1 exist in human, mouse and Drosophila. q
Results
A novel gene, Lix1, was isolated in a screen to identify genes involved in limb development in the chick. Lix1 has a predicted coding region of 281 amino acids and has no homology to any published gene sequence or previously reported protein domain. However, the C-terminal 100 amino acids of Lix1 have a 98% probability of forming a coiled coil structure (Coils, version 2.1). Hence, Lix1 may interact with the many coiled coil proteins found in most cells (Beck and Brodsky, 1998) . A mouse Lix1 ortholog was isolated by reverse transcriptase-polymerase chain reaction (RT-PCR) using primers designed from the chick Lix1 sequence and mouse EST sequences. A BLAST search of genome databases also identified human and Drosophila Lix1 orthologs (Fig. 1) . At the protein level, chicken Lix1 is 83% identical to mouse and human Lix1 and 51% identical to the Drosophila ortholog. There exists a more distantly related ortholog in mouse and human that is 67% identical to chick Lix1. We have also identified Lix1 orthologs in other species through additional database searches, but the nucleotide sequences found, do not encode complete open reading frames (ORFs).
Lix1 is first expressed at Hamburger-Hamilton (HH) stage 11 in lateral plate mesoderm corresponding to the pronephros and mesonephros, starting at somite 9 and extending 1 to 2 somite lengths beyond the most recently formed somite (not shown). The intensity of Lix1 expression in this region increases at stage 12 ( Fig. 2A) and expression is maintained until stage 15. Between HH stages 12 and 15, Lix1 is also expressed in the basal plate of rhombomeres 3 and 5 and in mesenchyme surrounding the anterior intestinal portal of the foregut (Fig. 2B) . By stage 15, the expression in rhombomeres 3 and 5 disappears, whilst expression intensifies in the mesenchyme surrounding the anterior intestinal portal (Figs. 2C,D,F). Moreover, expression initiates in mesenchymal tissue ventral to the pharynx (Fig. 2C ,D yellow arrow and transverse section in E). Lix1 transcripts in the foregut and pharyngeal mesenchyme are detected until stage 25. Starting at stage 14, a U-shaped Lix1 expression domain is seen in the mesoderm surrounding the tail bud (Fig. 3A) . This expression is up-regulated and expands to include the presumptive hindlimb mesenchyme and mesodermal tissue posterior to the tail at stage 15 and 16 (Figs. 3B,E ). At stage 17, expression disappears in the tip of the tail, but Lix1 continues to be highly expressed in the presumptive hindlimb mesenchyme (Fig. 3C ). This pattern closely resembles that of two hindlimb specific genes, Tbx4 and Pitx1 (Ohuchi et al., 1998; Gibson-Brown et al., 1998; Logan et al., 1998; Szeto et al., 1999) . By stage 19, when the limb buds have formed, expression of Lix1 in the hindlimb bud is down-regulated (Fig. 3D ). This differs from Tbx4 and Pitx1, both of which continue to be expressed in the hindlimb bud through HH stage 26 (Gibson-Brown et al., 1998; Szeto et al., 1999) . However, expression of Lix1 is maintained in a stripe of mesenchyme extending along the proximal boundary of the hindlimb buds (Fig. 3D ) through stage 28. At stage 20, Lix1 transcripts are also detected in mesenchyme extending along the anterior margin of the forelimb bud (data not shown). Beginning at stage 21, Lix1 is expressed in the maxillary arches, the lateral processes and the frontonasal mass of the craniofacial region (Fig. 4) . Transcripts are restricted to the distal portion of the mesenchyme of the lateral processes and frontonasal mass surounding the nasal pit (Fig. 4A) . In older embryos, Lix1 expression in the frontonasal mass expands toward the midline (Fig. 4B,C) . The expression in the maxillary arches is restricted to distal most mesenchyme. Together, the lateral processes, the frontonasal mass and the maxillary arches give rise to the upper jaw (Francis-West et al., 1998) . There is no expression of Lix1 in the mandibular primordia, which give rise to the lower jaw. This expression in the craniofacial region continues through stage 28 (Fig.  4C ).
Methods

Expression analysis
Whole mount in situ hybridization using a digoxigeninlabeled riboprobe were performed as described (Albrecht et al., 1997) . For in situ hybridization on sections, embryos were permeated with 0.5 M sucrose and frozen in O.C.T. compound from Tissue-Tek w . Sections of 20 mm were prepared in a cryostat. In situ hybridization was carried out as described (Herzig et al., 2001) . Abbreviations: aip, anterior intestinal portal; h, heart; nc, notochord; nt, neural tube; p, pharynx; pn, pronephros; rh, rhombomere; so, somite. Fig. 4 . Expression of Lix1 in craniofacial primordia (A-C) Expression of Lix1 in the frontonasal mass, the lateral processes and in the maxillary processes. Abbreviations: fn, frontonasal mass; l, lateral processes; md, mandibular primordia; mx, maxillary processes; np, nasal pit.
